Strong shallow and intermediate-depth scenario earthquakes for two major cites in Bulgaria are discussed. The contribution of the earthquake source and the local site geology to the seismic input is illustrated. Due to the lack of strong motion records a neo-deterministic seismic hazard assessment procedure is used to generate synthetic seismic signals. After some parametric analyses the computed signals are validated against the few available data. Prognostic estimates of the dynamic coefficient for the target sites are performed with respect to the defined scenario earthquakes and local site models, corresponding to the Eurocode 8 ground types A, B and C. The obtained results show that: (1) the seismic source influence on the seismic input at a given site is comparable with that of the local site geology; (2) the dynamic coefficients, computed for accelerograms (observed and computed) due to strong intermediate-depth Vrancea earthquakes overestimate significantly the values recommended by the Eurocode 8 (EC8) for periods T > 1s. 
Introduction
In the Bulgarian territory earthquakes play a major role among geological hazards, like landslides, erosion processes, liquefaction, loess potential collapse [Broutchev et al., 1994] . All the main Bulgarian cities are exposed to a significant earthquake hazard. Over the centuries, Bulgaria has experienced earthquakes with large epicentral intensities, I, e.g. the 1818, I=IX (MSK), and the 1858, I=IX (MSK), destructive events near Sofia. Some of the strongest earthquakes in Europe in the 20-th century, e.g. 4 April, 1904, occurred in SW Bulgaria I=X (MSK) . The seismic hazard of Bulgaria is controlled by seismic sources located in country and also in the territory of the neighbouring countries (Romania, Greece, Turkey, Yugoslavia and Macedonia).
Maximum intensity I=IX (MSK-64) is expected for the main Bulgarian city, Sofia. The seismic hazard in NE Bulgaria with the major town Russe, the biggest Bulgarian port on the Danube River, is controlled by the Vrancea seismic zone, located in Romania.
The intermediate-depth Vrancea earthquake sources are of practical and scientific interest due to their social and economic impact on the territory of the adjacent countries. A brief analysis of the available instrumental records of the strong intermediate-depth Vrancea earthquakes, with Mw > 6.5 [Nenov et al, 1990; Ambraseys et al., 2002] , has shown the significant effect of the earthquake source mechanism on the seismic input at sites, which clearly differ in local geological conditions and epicentral distances. An illustration of this Vrancea feature is shown in figure 1 .
Another Vrancea peculiarity is the much stronger frequency-dependent attenuation effect toward NW for higher frequencies (> 1Hz) than the attenuation toward SE [Radulian et al., 2006] . The unusually small attenuation at low frequency has important consequences on the seismic hazard assessment not only in Romania, but also in the neighboring countries (Bulgaria, Rep. of Moldova, Ukraine and even Russia). The main purposes of this study are to:
provide strong scenario earthquakes ( Mw > 7.0), that can be used for prognostic estimates of the seismic input; supply seismic input for the chosen scenarios and to validate the synthetic seismic signals against the available data.
The Neo-Deterministic Seismic Hazard Assessment Procedure and the Modeling of the Seismic Input at Sofia and Russe
To obtain the seismic input at Sofia and Russe a neo-deterministic procedure for earthquake ground motion modelling has been applied . The major advantages of this procedure are:
(1) the simultaneous treatment of the contribution of the seismic source and of the seismic wave propagation through inelastic media to the seismic motion at the target site/region and therefore (2) the application of this procedure does not require the use of any attenuation relation. Applying this procedure site response estimates are provided simultaneously in frequency and space domain. The irregular pattern of the site amplification in the frequency -space domain, obtained even when considering rather simplified geological settings, as for the Russe case study [e.g. Kouteva et al., 2004] , confirms the complicated properties of the so-called "site effect". They are due to the complex evolution of the seismic wavefield (while it propagates through the laterally heterogeneous, geological media) that cannot be captured by standard convolutive methods [e.g. Reiter, 1990] .
The traditionally used attenuation relations, extracted from the available strong motion databases, represent the functional dependency of the random spectral acceleration on the random variables, magnitude, distance and measurement error, and thus the source of systematic error in the seismic hazard assessment, that might be introduced by the attenuation relations, is avoided [Klügel, 2007; Panza et al., 2008] when using the neo-deterministic approach. The problem how crustal properties affect the attenuation and the effect due to inelasticity is taken into account analytically by the neodeterministic procedure, using variational techniques [Panza et al., 2001 and references therein] .
To model the seismic input in Sofia the hybrid neo-deterministic approach [Fäh et al., 1993; Panza et al., 2001 ] based on the modal summation technique applied in the bedrock, combined with the finite difference method for the target site is used. To model the seismic input in Russe the analytical neodeterministic approach based on the mode coupling technique, is applied [Romanelli et al., 1996; 1997; Panza et al., 2001] .
Scenario Earthquakes
The scenario event represents different combinations of parameters, thus the scenario earthquakes can be different in what concerns source location, magnitude and parameters describing the geometry and the kinematics of the seismic source. Usually for an earthquake prone area, scenario earthquakes with different levels of severity are considered: moderate, severe and extreme earthquakes. Widely accepted in international practice in earthquake engineering analysis, including EC8, is the return period of 475 years.
SHALLOW LOCAL EARTHQUAKES -THE CITY OF SOFIA
The return period of the maximum macroseismic intensity at Sofia, Io = IX (MSK), is about 150 years [Christoskov et al., 1982] , i.e. it could correspond to the strong earthquake scenario. The shallow scenario earthquakes considered in this study are listed in Table 1 . For more details see and references therein. Considering the specific natural conditions, the various categories of elements and systems of risk and the Vrancea earthquake record, the suitable scenario earthquakes, for this area, should correspond to return periods ranging from some 50 to 200 years, when severe or extreme magnitudes are considered, respectively. Suitable Vrancea scenario events can be considered the quakes in the magnitude range from 7.2 (severe earthquakes) to 7.8 (extreme earthquakes). The chosen scenario earthquakes are listed in Table 2 . 
The Synthetic Strong-Motion Database

SHALLOW LOCAL EARTHQUAKES: CASE STUDY-SOFIA CITY
Synthetic ground motions along three geological cross sections have been computed and validated by Paskaleva et al. [2004 Paskaleva et al. [ , 2008 . The signals have been grouped in three ranges of epicentral distances: 10-12 km, 12-16 km and 16-20 km. For each group mean ground motion spectral quantities are computed. The dynamic coefficients, computed from the synthetic seismic signals and the EC8 recommended curves, are plotted in figure 2. Figure 2 shows the influence of the soil conditions and of the seismic source on the site response.
STRONG VRANCEA INTERMEDIATE-DEPTH EARTHQUAKES: CASE STUDIES OF RUSSE
(BULGARIA) AND NIŠ (SERBIA)
Validation of the Seismic Input
The frequency-time analysis of the available records [Nenov et al., 1990; Ambraseys et al., 2002] For both cases the same bedrock model is used [Paskaleva et al., 2001; Kouteva et al., 2004] . For the validation of the computed signals at Russe and Niš , three local models, corresponding to Eurocode 8 ground type C (V s,30 = 325 m/s) have been used: (a) deep model, top layer (of type C) 150 m thick, (b) intermediate model, top layer 60 m thick and (c) shallow model, top layer 30 m thick, for more details see in Kouteva et al. [2008] .
The values, including their uncertainties, of the parameters describing the geometry and the motion at the earthquake source, are available from the GCMT Catalogue [http://www.globalcmt.org/CMTfiles.html], Radulian et al. [2000] , Poiata and Miyake [2006] and the Romplus catalogue, http://www.infp.ro/catal.php [Oncescu et al., 1999] . The seismic input in Russe (VR901) and Niš (VR77) has been computed and validated using the parameters given in Table 3 .
The comparison of the elastic acceleration response spectra, computed for 5% damping, of the synthetic and observed signals, considering VR77 (Niš) and VR901 (Russe), are shown in figures 3a and 3b, respectively. Both figures clearly show the significant influence of the seismic source on the earthquake loading at the target sites. The change of the focal depth of 84 km and 94 km (CMT1 and CMT2, plotted in the top line in figure 3a ) to 100 km (CMT1, CMT2 -the bottom line in figure 3a ) for the Niš case shows a shift of the maximum amplitudes of the acceleration response spectra to larger periods. A comparison of the obtained results for Niš, following Table 3, shows that among the considered parameters, the focal depth seems to have a controlling impact on the seismic input.
The results of the theoretical modelling of the seismic input in Russe, including some parametric studies, are shown in figure 3b. Among the earthquake source parameters, the focal depth has, here too, the most significant influence on the seismic loading at the target site. 
Scenario Estimates
The results of the computations made considering the chosen scenario earthquakes (Table 2) and different local models are shown in figures 4a and 4b.
Both scenarios, SCE1 (figure 4a) and SCE2 (figure 4b), show an obvious change, with varying epicentral distance, of the frequency content of the spectral site response, no matter which local model was considered. At epicentral distances Δ > 400 km, the dynamic coefficient at periods T > 1.5s appear visibly higher than the EC8 recommendations. For the considered frequency content, 0-5 Hz, the shallow local models give dynamic coefficients that are closer to the EC8 recommendations. 
Discussion
Shallow and intermediate-depth scenario earthquakes are considered. The seismic input at a given site incorporates the coupled effects of the seismic source and of the inelastic media through which seismic wave propagates. Due to the lack of real strong motion records, synthetic seismic signals have been generated applying a neo-deterministic seismic hazard assessment procedure. The computed signals are validated against the few available observations. The major outcome of this study can be summarized as follows: the computed synthetic seismic input for shallow earthquakes is consistent with the Eurocode 8 requirements; for the intermediate-depth earthquakes, local models with a thin top layer of type C supply synthetic seismic signals, that are quite close to the observed ones; the site response due to both, shallow and intermediate-depth, earthquakes is significantly influenced by the earthquake source mechanism; the dynamic coefficients, computed for accelerograms (observed and computed) due to strong intermediate-depth Vrancea earthquakes exceed significantly the values recommended by the Eurocode 8 (EC8) for periods T > 1s. Figure 4b . Vrancea scenario earthquake, extreme event, SCE2- Table 3 .
